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REFRIGERATOR OIL COMPOSITION 



The present invention relates to a refngerator oil composition and more particularly to a refrigerator oil 
composition for a refrigerator using a chlorine-firee fluorocarbon refirigerant such as Ron-134a (1,1,1,2-4etraf- 
hioroethane). 

5 

Description of the Prior Art 

Being excellent in chemica) stability, low toxicity, non-combustibility, eta, fluorocarbon compounds have 
been widely used in the field of refrigerant, aerosol, fbaming agent, detergent, etc 
10 It has been believed in recent years, however, that the fluorocarbon compounds that are released into the 
atmosphere destroy the ozone layer In the stratosphere, thus making thentselves responsible for the warming 
of the Earth's atmosphere, the so-called greentKMise effect Undertheseclrcum^ncesthe tendency of reduo- 
ing the productton and consumption of some specified fluorocartx)n compounds has been enhanced. 

Accordingly, the development of fluorocarbon compounds which are free from the possibOity of destroying 
IS the ozone layer or causing the greenhouse effect, that is, do not contain any chlcxine atom In the molecdes 
and can be relatively readOy decomposed is In progress. 

In such drcum^ances, Flon-134a which is sSmOar to Flon-12 (dichlorodifluoromethane) in physical proper- 
ties has been developed In place of Ron-12 which has been widely used as a refrigerant for household ref- 
rigerators, air conditioners, smalksized refrigerators for business use, air conditioners for automotive cars, eta 
20 However, Ron-134a not containing chlorine atom in the molecule greatly differs from the fluorocarbon com- 
pounds containing chlorine atoms, such as Flon-12 or Ron-22 (monochlorcxfifluoromethane} with respect to 
solubflity. Thus, Ron-134a is poor In compatibility with naphthene-base mineral oQs and all^benzenes that 
have heretofore been us^ as refrigerator oils, resulting in such troufciles as deteriorated oO return In an 
evaporator, seizure of oonipressor parts or abnmnal vibration. Hence the development of a refrigerator oO su^ 
2S fidentfycornpatible with the abovementionedc^te required. 

Furfhenmore in the refr^erator <»1 compos&'on for a refrigerator using Ron-12 as the refrigerant, the chlorine 
atonDs present in the molecule of Ron-12 exhibft the dfect as an extreme-pressure additive of ortprovlng the 
lubrication ^fect On the other tend, Ron-134a brings about severe lubrication conditions and the decomposi- 
tion of the refrigerator oil because of its being free from chlorine atom. Accordingly, the development of a ref- 
30 rigerator oO vrith high stability against decompositbn ts required. 

in regard toarefrigeratoroO composition fbrarefrigeratorusing Ron-134aastherefr^erant,apotyalkylene 
glycol having a molecular weight of 2000 or less and at least two functional groups has been proposed In USP 
Ma 47^5316, which is, however, hygroscopic and liable to cause, for example, nialfunctlon and plugging due 
to moisturB (mc^sture choke) of an expansion valve of a refir^erator, deccwnpo^tion of the Ron, and metal cor- 
35 rosicHi due to the resultant hydrofluoric add. 

Fonm^ the present inventors invented a lubricating oil for a refrigerator which comprises a neopentyl 
pdyd ester which is ocnnpatiblevrith chiorin&4reefiuoroc^bon refrigerants such as Ron-134a (cf. Japanese 
Patent Applicaticm Mo. 309867/1989). 

Tte above lubricating oD has achieved much improvement In electrical Insulaticm properties and hygros- 
40 copidfy as compared with the above potyatt^ne glycol, Init still has invohred the corrosion probebn that when 
niotshffe is nmxed in the r^ir^ierator oa coinposHfon, t^ 
Ing decrease in the compabl>aity with the fiuorocart>on compoumte. 

Accordingly an object of the present invention Is to ^ffovide a r gfr j g erat or oa amrposftlon exceOent in the 
compablnlity with chiorine^firee fluorocarbon refrigerants and also rich in the stabDKy against hydrolysis. 
45 In rnJer to sohre the above problem, the present inventors have Intensively investigated a variety of synth- 
etic lubricating oils and finally acocnnplished the present bwentloa 

The refrigerator lubricant composition acccuding to ttie present bivention comprises an ester and an epo3^ 
compound, wherein the content of said epoxy compound ts0.01 to 25% by weight based m said ester and In 
which the ester Is prepared from a fat^ add tmfng 2 to 6 carbon atims and a neopentyl polyd. 
so The Invention further comprises a refiigmtoroQ compos^n whidi comprises a chlorine free fluorocarbon 
and an effective amount of the refr^erator lubricant oompo^n of tfie invention. The inventton ftirttier provides 
a refrigerator oil composition which ccmtprises 1,1,1,2-4etrBfluoroethane and an effective anrKnmt of the ref- 
rigerator lubricant composition of the present Invention. 

Examples of the chlorine^finee fluorocarbon refrigerants assodated with the present bwentlon tndude Ron- 
55 134 (1,1 A2-tetrafluoroethane), RorHl34a, Ron-143 (1.12-trffluoroethane), Flon-143a (1,1,1-trifluoroelhane), 
Ron-152 (1,2-(fifluoroethane), Ron-152a (1,1-difluoroethane) and the mixture of at least two thereof. Amor^ 
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them, Ron 1 34a is preferable becuase of its simflarity in physical properties to Ron-1 2 which Is generally used 
at the present time. 

Examples of the fatty add to be used as the raw material of the neopenfyl potyol ester in the present inven- 
tion include linear saturated fatty acids, branched saturated fatty acids, and linear and branched dibasic acids, 

5 each having 2 to 6 carbon atoms ornrdxtures of at least two thereof. Examples of the linear saturated fatty acids 
include acetic, propanoic, butanoic, pentanoic and hexanoic adds. Examples of the branched saturated fatty 
adds indude 2-methylprDpanob, 2-methylbutanoic 3-methylbutanolc, trfmethylacetic, 2-methyipentanoic, 3- 
methylpantanoic, 4-methyipentanoic, 2-ettiyibutanoic, 2,2-dimethylbutanolc and 3,3-dlmetiiylbutanQlc acids. 
Examples of ttie dibasic adds indude 1,4-butanedicarbaxylic add. 

10 Among them, particulariy preferable are fatty acids induding butanoic, pentanoic, 2Hmettiylpropanoic and 
2-methylbutanoic acids. 

The neopen^ potyd to be used as anottier raw material of the neopentyl pdyd ester in the present inven- 
tion is a polyd having a neopentyl structure: 

C 
I 

C-C-C^ 

I 

c 

desirably one having at least 3 hydroxyl groups in Hs mdecde, and more desiratriy one having at least 3 hyd- 
roxy! groups, each being t>onded to the carbon atom at p-positk)n from the central catbm atom in the neopentyl 
structure, that is, not bonded to any hydrogen atom. B^ples of usable polyds indude Irimethylolpropane, 
25 pentaeryttiritd, dipentaeryttrritol, ditrimettiyldpropane, and dftrimethyblettiane, among which pentaerytfiritd 
and dipentaerythritd are desirable. Although a plurality of neopentyl structures may be contained in the polyd 
mdecule, the number of cart>on atoms in the mdecule is preferal>ly 50 or less and particulariy preferably 20 
or less. 

The above tirtear saturated falfy add, branched saturated fat^ add or dibasic add each having 2 to 6 car- 
30 bon atoms and the neopentyl pdyol nvay be used alone or as a mbdure of at least two thereof. The neopenfyl 
pdyol ester to be used in the present invention can be ot>tained by conventional esterification or transestaifi- 
cation. 

It is preferable that the neopentyl pdyd ester to be used in the present invention consists of sddy a polyd 
ester prepared from the abovementloned fatty add havir^ 2 to 6 carbon atoms, instead of 7 or more. When, 
3S however, ft is necessary to use also a fatty add tmving 7 or more cart>on atoms in due consideration of lut>- 
ricating characteristics or volume resistivity, at least 20 nude % of a fatty add having 2 to 6 carbon atcmis should 
be contained In the total fetty acids and also, it is preferable to regulate the composition of the fatfy add as ttie 
raw mater^ so that the average number of carbon atoms in the fatty acid is 6 or less p^ hydroxyl group in the 
neopentyl pdyd. 

40 Alttiough any epoxy compound having atleastone epoxy group in its mdecule may be used in the present 
invention, a compound having at least one glyddyl ester group in Its mdecule is preferatrfe. Preferable exanv 
ples of such epoxy compounds indude aliphatic glycidyl etfters such as propylene glycd diglyctdyt ether, 
neopentyl glyod diglyddyl ettier, 1 ,4-butanedid diglyddyl etiier, and 1-propand glyddyl ettier; aromatic glyci- 
dyl ettiera such as phenyl glyddyl ettier, cresyt glyddyl ettier and diglyddyl ettier of bisphend A-alkylene oxide 

45 adduct; and polyalMene glycd diglyddyl ethar, because ttiey are well compatible witti refrigerants such as 
Flon-134a. Each of them may be used either alone or as a nrUxtiro of at least two thereof. 

intfiedigtycidyl etherofpotyalkylenegtycd or ottieralkylene oxide ^duds, pref^ableconstautivaalkytene 
groups are ettiylene, propylene, butylene, etc., and ttie prefmble mdecular weight thereof is ICKK) or less in 
view d the stab3ity against hydrolysis. 

so The mbdng ratio of the epoxy compound to the neopentyl polyol ester in the composition according to the 
present invention is 0^)1:100 to 25:100 by weight, preferabty 0.5:100 to 5:100 by weight If the ratio of the epoxy 
cc»npound to the ester is less than 0.01 :1 00 by weight, no sufficient stabflity ^in^ hydrolysis can be imparted 
to ttie r^geratcu- oil On ttie ottier hand if it exceeds 25:1 00 by weight, 0ie electrical insulatton arKi lubrication 
prop^ties det^iorate. 

55 Alttiough ttie refrigerator lubricant composition according to the present invention may be sddy composed 
of ttie neopentyl potyd ester containing the above specified quantity of ttie epoxy compound, it may furttier 
contain a known lubricant for a refrigerator, such as mineral oD, alkylbenzene or pdyall^ene glycd. Moreov^, 
a known additive for the lubricant of a refrigerator using a fiuorocartXMi compound as the refrigerant may be 
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added to the pr^ent composition within an ordinary dose. Examples of such additives include phosphoric 
esters such as tricresyl phosphate, phosphorous esters such as triethyl phosphite, organotin compounds such 
as dlbutyltln laurate, and antioxidants such as a-naphthylben^amihe, phenothiazone or Bi^T. 

The refrigerator lubricant composition according to the present invention is completely compatible with a 
5 chlorine-free fluorocarbon refrigerant such as Flon-134a substantially in almost all mixing ratios (1 :99 to 99:1) 
at a temperature ranging from -50 to eO'^C, that is, the actoal working temperature range of a lubricant for a 
refHgeralor. 

Furthemiore as different from the refrigerator lubrkxtnt based on polyall^ene glycol, the refrigerator lub- 
ricant composition according to the present invention has a low hygrosoopi(% and a high volume r^isthrity. 
^ 10 Therefore, the use cf this lubricant serves to soh^ the problem cf hygroscopidty which has been thought to 
cause troubles in refrigerators and at the same time improve the electrical insulation prop^es and stabil^ 
agair^t hydrolysis. 

The pr^nt Invention will now be described in more detaD by refening to the following Examples, though 
it shaD not be limited thereto. 
15 [Examples 1 to 16 and Comparathre Examples 1 to 6] 

Various refrigerator lubricant compositions were prepared by the use of the following Samples 1 to 1 5 at 
compoundir^ ratios specified in Table 1. 

Sample 1 

20 

A neopentyl pdyol ester obtained by the use of DPET(dlpentaerythritol) as the neopentyl pdyd and a mixt- 
ure of pentanoic add with 2-methylbutonoic add (50 : 50 by moUe) as the fatty add. 
Kinematic vtso^tty at 40^C : 68 cSL 
Pour pdnfc -45**C. 

25 Average mimt>er of cartx>n atcmts of the fatty add per hydroxyl group of the neopentyl pdyd: 5. 
Sample 2 

A neopentyl polyd ester obtained by the use of DPET (dipentaerythritd) as the neopentyl polyd and a mixt- 
30 ure of hexanolc add with 2-methytl)utanoic add (50 : 50 by mde) as the fatly add. 
Kinranatic viscosity at 40^C : 71 cSL 
Pourpdnt-45**C. 

AveFc^e number of cartx)n atoms of the fatty add per hydroxyl group of the neopentyl pdyd: 5.5 
35 Sample 3 

A neopentyl polyd ester obtained by the use of PET (pentaeiythritol) as the neopentyl pdyd and a rruxfaiie 
of hexarKMc add w%h 2-methylbutarK>ic add (50 : 50 by mde) as the fatty add. 
Kinematic viscc^ity at 40**C: 25 cSt 
40 Pour point: -45**C. 

Average number of carbon atoms of the fatty add per hydro)^ group of the neopentyl pdyd: 5.5. 

Sample 4 

4S A neopentyl pdyd ester obtained by the use of TMP (trimethyldpropane) as the neopentyl polyd and a 
mixture of 1 ,4-butanedicarboxylic add, 2-mett^butandc add and pentandc add (2 : 7 : 7 tyy mde) as the fatty 
add. 

Kinematic viscosity at 40*^0: 85 cSt 
Pour point -45*^. 

so Average numt>er of cabon atoms of the fatty add per hydroxy group of the neopentyl pdyol: 5^. 
Sample 5 

A polyall^ene glycd compound represented t>y the formula: 

55 
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CHt 

.1 

HO(CH2CHO)7H 

5 

Kinematic viscosity at A(yC: 34 cSL 
Pour point -42.5*0. 

Sample 6 

10 

A pdyalkylene glycol compound represented by the fDnmula: 

CH^ 
I 

15 HO (CH2CHO ) 7H 



Kinematic viscosity at 40*^0: 73 cSt 
Pour point -45*C. 

20 

Sample 7 

Mineral oil (neutral oQ 150). 
Kinematic viscosity at 40''C: 31 cSt 
25 Pour point -15*C. . 

Samples 

Propylene glyccri digtycidyl ether. 

30 

Samples 

Neopropylene glycol dlglycidyl ether. 
35 Sample 10 

Polypropylene glycol (md. wL: ca 400) dlglycidyl ether. 
Sample 11 

40 

Propropylene glycol (mol. wt: ca 800) diglyddyl ether. 
Sample 12 

46 Polyethylene glycol (moL wt: ca 400) diglyddyl ether. 
Sample 13 

Phenyl glyctdyl ether. 

50 

Semnple 14 

Cresyl ^yddyl ether. 
55 Sample 15 



A neopentyl polyd ester obtained by the use of DPET (d^entaerythritoi) as the neopentyl polyol and a mixt- 
ure of pentanoic acid with isohepfanoic add (5 : 1 by mde) as the fatty add. 
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Kinematic viscosity at 40*'C: ^ cSt 
Pour point -45*»C 

Average number of cartwn atoms of the fatty add per hydraxyl group of the neopentyl pdyol: 5^. 

Table 1 





Polyol 
ester 


Epoxy 
compound 


Content of epoxy 
compound based on 
Dolvol ester fwt %1 
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Ex. 2 
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sample 
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3 


Ex. 3 
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^9 n T 1 1 i ^^^^ 
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sample 
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sample 
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0.5 
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9. 
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sample 
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5 


Ex. 8 




isample 


3 


sample 


10 
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11 
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Ex. 10 
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sample 


12 
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Ex. 11 
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sample 


13 
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Ex. 12 
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sample 


13 
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Ex. 13 
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sample 


14 


-5 


Ex, 14 
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sample 
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0.02 


Ex. 15 
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sample 
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20 


Ex. 16 




sample 


15 


sample 
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Comp. Ex. 
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sample 
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sample 
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0.005 


Comp. Ex. 
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sample 
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sample 
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30 


Comp, Ex. 
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sample 


5 








Comp. Ex. 
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sample 


6 
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sample 
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Comp. Ex. 
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sample 2 









Varioifi refngerator lut)ricant compositions thus obtained were subjected to the tests for the oompafibnity 
with fluorocart>on, ^Dity against hydrolysis and electrical insulation properties by the following methods and 
the results are given in Table 2. 
'^est for compatibility with fluon>c^bon> 

® 15 parts by weight of each of the refrigerator lubricant compositions ii^ in Table 1 and 85 parts tyy 
weight of Floi>-134a 

or® 60 parts by we'^ht of each of the refngerator lut^cant compositions li^ed in Table 1 and 40 parts by 
weighted 

Floral 34a were fed into a 1 autodave made of glass and were tested for the cmpatibaity at to 1 00^. 
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^est for stability against hydrolysls> 

18 parts by we^ht of each of the reEfHgefator lubricant compostfions listed in Table 1, 80 parts by weight 
of Ron-1 34a and 0.002 parts t^ weight of wata* were fed Into a 100-mi autoclave made of stainless steel (SUS- 
316). In which were further placed three metal pieces (50 x 25 x 1,5 mm in size) made of steel, copper and 
aluminium, respectively. The autoclave was hermetically sedled and the contents ware heat^l at 150*C for U 
days (336 hours). After the completion of the heating test, Ron-1 34a and water were removed by vacuum deaer- 
ation and the refrigerator on compositions were evaluated for vteoosity, appearance and acid value. The metal 
pieces were washed with toluene and ethand and measured for change in weight 
<Test for electrical Insulation properties> 

Eadi of the relngerator lubricant compositions I'sted In Table 1 was measured for volume resistivity, which 
is usually used as a measure of elec^cal insulating properties, at a humidify of 70% and temperature of 30°C 
by the nr^thod using a DC amplifier according to JIS C-2101. Advante^ TR-8601 (mfd. by Advantest Corp.) 
and Advantest TR-44 (mfd. by Advantest Corp.) were used as a micro-ammeter and a liquid resistance measur- 
ing cdl, respectively, at an impressed voltage of 100 V. 
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Claims 

1. A relrigeFafor lubricant composition characterised in that it comprises an ester compound and an epoxy 
compound the ester compound thus obtained from a fatiy add having 2 to 6 carbon atoms and a neopentyl 
pdyol and the epoxy compound being present in an amount of from 0.01 to 25 percent ty we'^ht based 
on the weight of the ester oompcHind. 

2. A composition as dairhed in Claim 1, characterised in that ^id latty add is selected from the group con- 
sisting of straight chain saturated fatty adds, branched saturated fatty adds, straight chain dicart>Qxylic 
adds and branched chain dicarboxyiic adds. 

a. A composition as claimed in daom 2, diaraderised in that said fatly add is selected from the group con- 
stetir^ of acetic add, propanoic add, butanoic acid, pentandc add, hexanoic add, 2-inethypropandcadd, 
2-m^hylbutanolc add, 3-mettTylpentanoicadd, trimethylac^add, 2-methylpentanoicadd. S^thytpen- 
tanoic add, 4-methylpentanoicadd,2-ethylbutanoicactd, 2,2-dffnethyltnjtanoicadd, 3,3-d(rT»thylbutanoic 
add and 1,4-butanedicarbQxyllc add. 

4. A composition as dakned in any of aaoms 1 to 3, characterised in that the neopentyl polyol has at least 
three hydroxyl groups and 50 or less carbon atoms. 

5. A composition as dalmed In any of Cl^ms 1 to 4, characterised In that said epoxy compound has at least 
one glyddyl ether group and is an aliphatic gtyddyl ether compound, an aromatic glyddyl ether compound 
or a potyaiMeneglycd digtyddyl ether compound. 

6. A refrigerator oQ composition which comprises a chlorine-free fiuorocarbon and an effiective amount of a 
refrigerator lubricartt composition daimed in any of daims 1 to 5. 

7. A refrigerator oO composition as daimed in daim 6, in which the chlorin&4ree fiuorocarbon Is 1,1,1,2-tet- 
rafluoroethane. 

a. A refrigerator oa composition characterised by comprising (A) 1 ,1 ,1 ,2-tetrafluoroethane and (B) a compo- 
sition as daimed in any of Claims 1 to 5 in a vdume ratio of (A) to <B) of 1 :99 to 99:1 . 
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